Vesicular exanthema of swine virus type A48 or San Miguel sea lion virus type 2, when inoculated intradermally into swine, resulted in fluid-filled vesicles at the sites of inoculation in the snout, coronary band, and tongue. Pigs that developed vesicles also had fevers. Secondary vesicle formation varied, depending on virus serotype. Viremia was found in one pig infected with San Miguel sea lion virus five days after infection. Virus was recovered from nasal-oral passages for up to five days after infection in both groups of pigs and from the gastrointestinal and urinary tracts of pigs infected with San Miguel sea lion virus. Neutralizing antibodies began to increase three days after inoculation and reached peak titers in seven to ten days. In the absence of secondary bacterial infection, healing was well advanced by ten days after inoculation.
Between 1932 and 1956, vesicular exanthema of swine caused great economic loss to the swine-raising industry of the United States [6] . In 1959, following the enactment of federal and state garbage-cooking laws, the Secretary of Agriculture declared vesicular exanthema eradicated and the disease "exotic" [6] . The disease was unique to the United States, and although the original virus source never was determined, no further outbreaks have been reported.
In 1972, during an investigation of abortion enzootics among sea lions on San Miguel Island, Calif., a virus was isolated that was identical physicochemically to vesicular exanthema of swine virus and produced identical vesicular lesions when inoculated into swine [13] . Thus, although vesicular exanthema of swine has been classified as exotic to the United States since 1959, San Miguel sea lion virus currently exists in marine animals in at least California and Alaska. Precipitating antibodies to these agents have been found recently in domestic swine in California [ 141. Our study is an attempt to understand more fully the ramifications of these related disease agents in swine.
Materials and Methods
Vesicular exanthema of swine virus type A48 and San Miguel sea lion virus type 2 were used. Virus growth, titration, tissue, and body fluid assays and serum neutralization tests were done on a clonal line of African green monkey kidney cells (Vero cells). A modification of a semi-solid overlay system was used for virus titration [2, 7 , 211. Six-well, 35-mm cluster dishes (Costar, Cambridge, Mass.; Lindbro Scientific, Flow Labs, Hamden, Conn.) were used, one dish per sample assayed. Oral and nasal swab samples were stored in 2 ml of tissue culture fluid, vortexed, and centrifuged at low speed. We assayed 0.1 ml of the supernatant in each well of a 35-mm cluster dish. Ten-fold serial dilutions were assayed when necessary. Results were expressed as plaques per assay. Fifty-percent endpoints were calculated by published methods [3] .
Virus-specific antisera were produced in New Zealand white rabbits by subcutaneous inoculation of virus emulsified with Freund's adjuvant (Difco Labs, Detroit, Mich.). Rabbit sera were tested for antibody content by the iodine agglutination test [lo] , immunoelectroosmophoresis [9] , microtiter serum neutralization [8] , and plaque reduction. Gamma globulin then was precipitated and conjugated to fluorescein isothiocyanate.
Convalescent swine sera were assayed for virus type-specific neutralizing antibodies by microtiter serum neutralization (four wells per dilution) [8] . Endpoints were determined as the highest serum dilution that prevented monolayer destruction in half the test wells and were calculated as described [3] .
Nineteen conventional Tamworth pigs, approximately 12 weeks old, were inoculated with 3 ml of vesicular exanthema of swine virus type A48 (5.37 x lo8 plaque-forming units/ml) and nine were inoculated with 3 ml of San Miguel sea lion virus type 2 (1.35 x lo8 plaqueforming units/ml). Viruses were from the Plum Island repository. Two controls were inoculated with tissue culture fluid only. Additionally, two groups of three pigs each were inoculated with similar viruses (vesicular exanthema of swine virus A48, 1.63 X lo3 plaque-forming units/ml, and San Miguel sea lion virus 2, 1.25 X lo5 plaque-forming units/ml) obtained through the courtesy of Dr. Neylan Vedros of the Naval Biosciences Laboratory, University of California, Berkeley. These latter studies were done for comparative purposes so that this second group of viruses could be used in later experiments. All pigs were infected by injection of virus into the following tissues: multiple intradermal sites on the nonhaired portion of the right snout, including the mucocutaneous junction; intradermalingually into the dorsal midline of the tongue, 2 cm from the apex; intradermally into the right front coronary band of the lateral axial digit; and intranasal (right nostril) and oropharyngeal instillation of a small aliquot of virus.
Pigs were killed at prescribed intervals by barbiturate overdose followed by exsanguination (table I) . Thirty-five tissue samples were collected from each pig (see table 11 ). In cases where tissue or organ size limited sampling, first priority was given to samples for frozen sectioning and fluorescent antibody study, second priority to formalin-fixed tissue for histologic examination, and finally samples were taken for virus isolation.
Tissues were examined by direct immunofluorescence and light microscopy. Frozen tissues were sectioned, placed on microscope slides, and air-dried. They then were fiied in acetone prior to staining with the fluorescent conjugate, or placed in 10% buffered neutral formalin. Hematoxylin and eosin (HE) staining was routine.
Epithelium covering some vesicles was removed surgically 24 to 48 hours after infection, placed in vials containing 2% glutaraldehyde in Sorensen's buffer (pH 7.2), and stored at 4°C for 12 hours to four months. They then were trimmed, postfixed in osmic acid, and embedded in epon [4] . One-micrometer sections were stained with methylene blue azure I1 and selected specimens were sectioned, stained with uranyl acetate [ 171 and lead citrate [ 121, and examined with an electron microscope. More than 100 grids composed of an approximately equal number of tissues infected with either vesicular exanthema of swine virus or San Miguel sea lion virus were examined. Only an occasional cell from an occasional grid clearly showed intracellular virus.
Results

Physical signs and gross lesions
Intradermal inoculation of vesicular exanthema of swine virus type A48 into swine resulted in vesicle formation at the sites of inoculation. At one day postinoculation, vesicles were present at many sites of inoculation. These vesicles generally were less than 2 cm in diameter, had thick walls, and contained small amounts of fluid. Areas of necrosis were present at several sites of injection. These may have resulted from injection trauma or rapid virus-induced cell death (dry vesicles) [5] .
By day 2, vesicles were larger, fluid-filled, and more numerous, and had thinner coverings. Also on day 2, one pig had a crack extending from the coronary band to the sole of the right hind foot. At the top of the crack-at the level of the coronary band-was a large, fluctuant vesicle. This was not at a site of inoculation. Many of the lingual vesicles had ruptured by day 2.
On day 3, large, fluctuant vesicles and recently ruptured vesicles were seen, particularly on the snout ( fig. 1 ). Those vesicles that were still intact could be The following tissues were tested and no virus found: uninoculated skin sites, esophagus, duodenum, jejunum, cecum, pancreas, liver, trachea, lung, bronchial and mesenteric lymph nodes, thymus, thalamus, medulla oblongata, adrenal, and skeletal muscle. ruptured easily by light mechanical trauma. Many pigs had marked edema of the snout and the subcutaneous tissue of the intermandibular space. Most tongue vesicles were broken at this time. Secondary vesicles began to appear, principally at or near the coronary bands and heels of uninoculated feet. These often began as an area of erythema at the coronary band which later blanched and extended into the adjacent haired skin. Nine of 14 pigs examined on or after day 3 had secondary foot lesions.
By day 4, most vesicles, both primary and secondary, were ruptured. As a result of trauma, coronary band lesions generally did not attain large size prior to rupture. Many pigs had extensive tongue lesions and extensively ulcerated snouts at this time. Several were drooling. The pigs resisted manipulation of their feet and many walked with difficulty. Ulceration continued on days 4 through 7 and the lesions often involved large portions of the snout and tongue. Gray to red-brown crusts covered many of these lesions but often were removed by rooting and manipulation, resulting in exposure of the underlying granulation tissue. By day 10, healing was well advanced on the snout and tongue, but several hoof walls were separating from the foot at the coronary band, resulting in increased lameness. Healing continued through the conclusion of the experiment (day 15) with the exception of those pigs with hoof-wall separation.
Intradermal inoculation of San Miguel sea lion virus type 2 into swine resulted in vesicle formation only at sites of inoculation. Small vesicles appeared within 24 hours and enlarged progressively over the next several days, but did not become as large as those caused by vesicular exanthema of swine virus. In contrast to infections with vesicular exanthema of swine virus in which all vesicles eventually ruptured, many of the lesions induced by San Miguel sea lion virus retained a thick epidermal covering which occasionally seeped a serum-like fluid or collapsed with or without rupture. The thick epithelial cover often functioned as an "autobandage," allowing more rapid reepithelialization and preventing secondary bacterial infection.
Coronary band lesions at the sites of inoculation developed similarly but were less extensive than those induced by vesicular exanthema of swine virus. They infrequently resulted in hoof-wall separation but occasionally extended into the overlying epidermis. Lingual lesions also were less severe. Healing was complete by ten days after inoculation, and lameness was less prevalent than with vesicular exanthema of swine virus.
These differences in pathogenicity between vesicular exanthema of swine virus type A48 and San Miguel sea lion virus type 2 prompted a short study in an attempt to increase the virulence of San Miguel sea lion virus by serial passage in swine. Epithelium covering snout vesicles caused by San Miguel sea lion virus was harvested intact along with vesicular fluid. This was ground in a 40-ml tissue grinder and allowed to sediment, and the supernatant was inoculated into another pig. This procedure was repeated for a total of three serial passages in swine. The disease remained unchanged and secondary vesicles failed to appear.
By increasing the amount of San Miguel sea lion virus delivered to each intradermal site, we could produce large vesicles similar to those induced by vesicular exanthema of swine virus. Secondary vesicles failed to form even in this case, however.
Febrile response
Within 24 hours of inoculation with vesicular exanthema of swine virus type A48, an increase in rectal temperature was found. Fever often peaked in the range of 41 to 42°C and remained at high levels until five days after inoculation, when most of the cutaneous vesicles had ruptured. Temperatures then decreased but did not return to preinoculation levels until day 1'1, when healing was well advanced.
The temperature increases in swine inoculated with San Miguel sea lion virus type 2 were less dramatic than with vesicular exanthema of swine virus type A48 and lower maximum temperatures were attained. Pyrexia began on day 1 and temperatures remained elevated until approximately day 7, when healing was well established.
Viremia
Pigs infected with vesicular exanthema of swine virus were not viremic at the times they were sampled, in spite of the fact that a total of at least 0.6 ml of undiluted blood was assayed. Ten-fold blood dilutions and assay on both porcine kidney and Vero cells also were negative.
plaque-forming units/ml of blood on day 5.
One pig infected with San Miguel sea lion virus had
Nasal and oral virus shedding
Vesicular exanthema of swine virus was found beginning 24 hours postinoculation from both the oral and the nasal cavity and persisted for three days in the oral cavity and five in the nasal cavity in swine sampled at the time of their death. Nasal swabs generally contained higher titers of virus. These results prompted a single animal study to determine whether virus given via the oronasal route could cause disease. Three milliliters (5.37 X lo7 plaque-forming units/ml) of vesicular exanthema of swine virus type A48 was applied to the nasal and oral cavities. For the eight days that this pig was observed, it remained afebrile, failed to develop cutaneous or lingual lesions, and seroconverted.
Virus was recovered only from nasal swabs from pigs inoculated with San Miguel sea lion virus by the same routes and with similar quantities of virus. The concentrations of virus produced from these locations were large, exceeding those of the pigs inoculated with vesicular exanthema of swine virus by ten to 100 fold. Virus could be found in pigs for five days. The results of secretory oral and nasal virus assays are summarized in tables I11 and IV.
Fecal virus assay
Virus was not found in the feces of pigs from either experimental group. 
Serology
Serum neutralization data are presented in fig. 2 . Antibodies were zero prior to infection and the antibodies in convalescent sera were type-specific when tested against homologous and heterologous virus. At the various stages postinoculation, pigs infected with vesicular exanthema of swine virus had homologous neutralizing antibody titers higher than those of comparable swine infected with San Miguel sea lion virus.
Virus isolation
Previous studies included isolation of vesicular exanthema of swine virus from experimentally infected swine 151. We did not repeat these studies. Instead, our effort was concentrated on recovering virus from swine infected with San Miguel sea lion virus. The results of these studies are presented in table 11.
Virus titers were highest in gross epithelial lesions. Since intact vesicles were harvested in toto for immunofluorescent and histologic study, the virus for these studies was obtained from edges of already ruptured vesicles.
Lymph nodes (mandibular and prescapular) draining cutaneous lesions contained virus. The superficial inguinal lymph nodes, although not draining sites of inoculation, were positive on days 3 and 4. Other lymph nodes were negative.
The spleen, tonsils, brain, heart, thyroid gland, kidney, urinary bladder, salivary glands, stomach, colon, and turbinates all yielded virus on at least one occasion. All tissues were negative by day 7.
Histology and fluorescent antibody studies
Complete tissue sets were examined from all swine. Although many tissues had an occasional fluorescent parenchymal cell, consistent intense fluorescence occurred in the snout, tongue, and coronary band. Gross and histologic lesions also were evident in these tissues. Intense cell fluorescence was seen repeatedly in the tonsillar epithelium as well. Smaller foci containing several fluorescent cells sometimes were seen in sections from urinary bladder, brain, nasal epithelium, and lymph nodes.
The pattern of fluorescence in the epithelial tissues was similar regardless of the virus used or of whether the lesions were primary or secondary, so the results with both viruses are described together. Because of the rapid formation and rupture of vesicles, a temporal sequence of cellular events was reconstructed on the basis of a montage of all tissues examined.
Within 24 hours of inoculation or abrasion of the nonhaired portions of the skin and tongue, specifically fluorescent, widely separated epithelial cells were present ( fig. 3) , as were small groups of fluorescent cells, often surrounding a center containing lysed cells.
Extracellular fluid accumulation separated the cells one from the other, resulting first in the appearance of tonofibrils and finally in free-floating epithelial cells. Within individual cells, nuclear chromatin condensed and marginated. Intracellular contents sometimes were rearranged, resulting in a halo around the nucleus ("owl's eye") [5] .
Lesions progressed in a centrifugal fashion similar to plaque formation in tissue culture. As lesions enlarged, lysing cells in the center of the infected cluster fell away from neighboring cells, resulting in cavitation and microvesicle formation. Discrete fluorescent blebs appeared on some cell surfaces ( fig. 4 ). Fluid continued to accumulate along with cell debris and various numbers of neutrophils and other inflammatory cells. Occasional inflammatory cells found along fibrin strands within the vesicle fluid contained ingested virus. Large numbers of inflammatory cells were present in the dermis, especially around vessels. Microvesicles continued to enlarge as fluid accumulation separated infected cells from each other and from their noninfected neighbors. The number of fluorescent cells in a large lesion often was quite small at this point. Microvesicles then began to coalesce, resulting in the appearance of larger, grossly visible lesions. The vesicles enlarged in all directions from adjacent noninfected edges but were confined to the epithelium. The resultant vesicular fluid forced virus into the viable upper layers of the epidermis. By this time, vesicles often had accumulated considerable fluid, and the thin vesicle coverings ruptured easily, releasing virus-rich fluid and virus-laden vesicle coverings into the environment.
In thick, highly keratinized portions of the skin such as the coronary band, cell infection and necrosis occasionally occurred rapidly, resulting in a paucity of fluid and leaving a keratinized epidermal skeleton with foci of mineralization.
Lesions produced by San Miguel sea lion virus type 2 were smaller and developed more slowly. They often remained intraepidermal and did not proceed to full skm thickness.
When virus had been inoculated intradermally, and presumably following viremia, fluorescent cells were visualized in dermal pegs ( fig. 5) . From the dermal-epidermal junction, infection spread in a radiating manner to the skin surface as previously described. Virus may enter the skin from hair follicles. Initially, cells surrounding hair shafts showed fluorescence ( fig. 6 ). As adjacent cells became involved, folliculitis resulted, with rupture of the resultant vesicles to the skin surface.
Regardless of the means of vesicle formation, healing commenced upon vesicle rupture. A fibrinonecrotic membrane rich in fibrin and neutrophils quickly covered eroded surfaces. Granulation tissue then formed and was invaded by migrating epithelial cells from wound margins and surviving basal epithelial cells. Healing was well advanced by 15 days postinoculation.
Superficial epithelial cells from the tonsillar surface and crypts became infected individually and sloughed without the formation of full-thickness epidermal lesions or grossly visible vesicles.
Histologic examination of other tissues showed nothing remarkable except edema and focal necrosis of draining lymph nodes [5] . Also, there were small multifocal lymphocytic perivascular cuffs, accompanied by mild gliosis and occasional satellitosis, in the medulla oblongata. The brain lesions were seen on days 4 through 7 and were limited to pigs infected with vesicular exanthema of swine virus. These lesions were mild and did not become more severe with time. Virus also was isolated from several regions of the brain of pigs infected with San Miguel sea lion virus, but there were no lesions.
Electron microscopy
The first ultrastructural sign of infection was individual cells within an intact cellular sheet that contained tightly packed, evenly spaced virions. The accumulation of intercellular fluid then separated infected and noninfected cells. Prior to total cell separation, desmosomal bridges linked cell borders ( fig. 7) . At this stage of infection and in early stages of cell separation, occasional intracellular virus clusters and paracrystalline arrays were associated with cytoplasmic vesicles or cisternae, free within the cytoplasm, entrapped in dense masses of keratin, or along cell margins. Densely packed cytoplasmic virions similar to those first observed were not seen after cell separation.
As infection proceeded and cells ruptured, virus contents were released but extracellular virus was not found in the grids examined. Well-keratinized cells remained intact longer than the more basally located cells, retaining their virus content. In many of these keratinized cells, the keratin condensed and marginated, leaving a relatively electron-lucent perinuclear halo ("owl's eye"). Nuclear chromatin also condensed and marginated ( fig. 8 ). Virus was found in these cells as small crystals, clusters, hexads, or pentads around the nuclei ( fig. 9 ), among the condensed keratin, or close to cell margins. Empty capsids were seen twice ( fig. 10 ). These particles were spaced regularly and arranged in rows between microfilaments. These rows were stacked one next to the other, giving the appearance of paracrystalline lamellar arrays.
A massive influx of inflammatory cells and occasional bacteria followed, which, along with the further accumulation of fluid, resulted in destruction of the epidermal sheet. Many cells were lost to the vesicular fluid, but a few cells were ingested intact by mononuclear phagocytes. As these cells were digested, their viral contents remained intact. Prelytic cellular release of virus was not seen.
Discussion
Lesions induced with vesicular exanthema of swine virus attained greater size, ruptured more completely, and released greater quantities of virus-rich vesicular fluid to the environment than those induced by similar amounts of San Miguel sea lion virus. Hoof-wall separation, although it occurred in both groups, was more consistent and more severe, and involved more podal surfaces in the vesicular exanthema of swine virus group.
The febrile response of pigs infected with vesicular exanthema of swine virus also was more intense. This seemed to be related to the pain and apprehension accompanying epidermal, lingual, and coronary band ulceration. Elevated temperatures persisted erratically in pigs with hoof-wall separation.
Secondary lesions occurred only in pigs infected with vesicular exanthema of swine virus. The reasons for this are not clear. The isolation of virus from superficial inguinal lymph nodes on two occasions from swine infected with San Miguel sea lion virus was significant, as these nodes were not draining sites of inoculation. Since the lymphatic drainage from the hind legs travels through these nodes, one would suspect that subclinical infection of the hind feet had occurred, through either viremia or contamination of skin wounds with virus. The slower increase in growth of lesions in tissues infected with San Miguel sea lion virus, combined with the increase in neutralizing titers from day 3 onward, probably limited the size of secondary vesicles. It should be noted also that some of the later-evolving serotypes of vesicular exanthema of swine virus do not cause secondary vesicle formation, while several San Miguel sea lion virus isolates do (A. H. Dardiri, personal communication, 1979) [6] . Thus, the differences between vesicular exanthema of swine virus A48 and San Miguel sea lion virus 2 are not typical of these viral groups as a whole.
It is likely that vesicle growth is limited by a combination of factors. These include the separation and death of susceptible cells from the margin of lesions by nonspecific extracellular fluid accumulation; the continuously increasing levels of neutralizing antibody; and the rupture of vesicles, loss of virus-rich fluid, and the resultant airdrying and necrosis of adjacent epithelium.
The search for virus antigen by means of cell fluorescence was difficult. Even within large lesions, few cells fluoresced. This suggested either that cell infection and lysis occurred rapidly and asynchronously, or that the rapid buildup of extracellular fluid separated noninfected as well as infected cells. A combination of these factors probably occurs.
Dissemination of virus within individual pigs and among groups of pigs took place in one of at least five ways. Direct contact with vesicle fluid, oral and nasal secretions, and vesicle coverings were the primary means of horizontal spread of disease. Since secondary lesions in pigs infected with vesicular exanthema of swine virus occurred 24 hours after the rupture of primary vesicles, the greater release of virus-rich fluid from the larger vesicles induced by vesicular exanthema of swine virus may have been instrumental in secondary vesicle formation.
Although it initially appeared that San Miguel sea lion virus was not spread via the oral route, several factors should be considered in interpreting these data. First, effort was made to avoid grossly visible lesions that contained high virus titers. Second, quantities of virus were produced sporadically in the salivary glands. Third, swabs were taken before the animals were fed. One would suspect that the abrasive action of mastication would liberate virus from oral vesicles and tear free virus-rich vesicle coverings. This, combined with an increase in salivary flow, would result in oral virus shedding in swine infected with San Miguel sea lion virus as in pigs infected with vesicular exanthema of swine virus.
Trachea, lungs, and bronchial lymph nodes from virus-infected pigs did not fluoresce, and no virus was isolated from these tissues from pigs infected with San Miguel sea lion virus. It therefore appeared unlikely that the presence of nasal virus contributed to active spread of disease by means other than droplet contamination of skin abrasions. Such a hypothesis was supported tentatively by a failure to induce cutaneous lesions by spraying vesicular exanthema of swine virus into the nasal cavity and oropharynx of one pig.
The results of virus isolation showed that hematogenous spread of virus occurred at least five days after infection in swine infected with San Miguel sea lion virus. Additionally, virus was isolated from the central nervous system of infected pigs during the first 48 hours postinoculation, indicating that viremia occurred early in infection. This sporadic virus release explained the difficulty in consistently isolating virus from the blood of swine infected with San Miguel sea lion virus.
Viremia was not found in any pigs infected with vesicular exanthema of swine virus, and in a previous study, blood virus from such swine was found only intermittently [5] . This evidence also points to sporadic release of virus. Other vesicular exanthema of swine virus serotypes produce more consistent viremias [5] , but never as long as four days. Release of virus probably continues to occur past these dates but is neutralized by rapidly increasing antibody titers [5] .
Direct fluorescent identification of virus-laden cells at dermal/epidermal junctions, combined with recovery of virus from areas void of lymphatic drainage (central nervous system), supported the idea of hematogenous spread of virus. With the exception of the draining lymph nodes and spleen, which act as filters [5] , virus was found consistently in amounts indicating replication in tongue and skin only.
It is likely that the release of chemotactic factors from damaged epithelium attracts hematogenous phagocytic cells, some of which are laden with virus. Thus, the appearance of lesions at sites of epithelial abrasion may be explained by direct contact of susceptible cells with vesicle-liberated exogenous virus or attraction of blood-borne endogenous virus.
Direct fluorescent evidence indicated that infection occurred through intact hair follicles. The location of these secondary lesions at the edge of ruptured primary vesicles suggested that the free flow of liberated vesicle fluid was responsible for their formation.
Vesicles typically were found on nonhaired portions of the skin, but lesions can form anywhere the epidermis is abraded [J. J. Callis, personal communication, 19791. It is probable that breaks in the epidermis allow entry of virus either from endogenous or exogenous sources, with subsequent multiplication and vesicle production. An intact hair coat generally protects against such breaks in the epidermis. It is likely that infection through intact hair follicles is a rare occurrence of little consequence in disease spread.
Direct spread to tonsillar epithelium was shown both by virus isolation and fluorescent antibody results. Since there are no afferent lymphatics to the palatine tonsils, virus spread to this region must be by direct fluid flow from ruptured lingual vesicles. Likewise, sporadic infection of other portions of the gastrointestinal epithelium may occur from ingested virus.
Contact with body excretions, primarily feces and urine, was a potential source of virus spread. San Miguel sea lion virus was isolated on one occasion from the colon of a pig and never from the feces of pigs infected with either San Miguel sea lion virus or vesicular exanthema of swine virus. A previous study [5] found that vesicular exanthema of swine virus type A48 was sporadic in its appearance in the feces and intestinal epithelium.
An occasional fluorescent cell was seen in the mucosa of the urinary bladder of pigs infected with vesicular exanthema of swine virus, and virus was recovered sporadically from the bladder and kidney of pigs infected with San Miguel sea lion virus type 2 or vesicular exanthema of swine virus type A48 [5] . Urinary as well as fecal spread of virus was thus possible.
Neutralizing antibody concentrations against homologous virus began a dramatic rise starting 72 hours postinoculation. In spite of the small numbers of sera tested, titers were higher with vesicular exanthema of swine virus infection. Since specific fluorescence was visible only until days 6 and 7 with vesicular exanthema of swine virus and San Miguel sea lion virus, respectively, one assumes that these in vitro tests correlated with in vivo effectiveness in virus clearance.
The presence of a carrier state could not be found within the limits of the experimental design. It is known that vesicular exanthema of swine virus can persist as minute plaque-formers in swine for at least 84 days [5] .
The localization of San Miguel sea lion virus in the thyroid gland of infected pigs requires future study to determine whether a similar situation occurs in swine infected with vesicular exanthema of swine virus. The significance of these latter virus isolations is not apparent but may be related to the embryologic origin of these glands in the oral cavity [I].
The visualization of virus by means of electron microscopy was more difficult than by fluorescent techniques. It is probable that provirus and viral enzymes as well as complete virions were detected by means of fluorescent antibody, while only complete virions (or empty capsids) were visible on electron micrographs. Nonetheless, these in vivo results correlate with studies conducted in vitro with various caliciviruses [l 1, 16, 19, 201. These include virus replication limited to cytoplasmic regions and the appearance of virus as single particles, nonregular accumulations, linear arrays associated with microfibrils, and paracrystalline arrays. The association of caliciviruses with microfibrils is a distinctive but not unique feature of their replication [ 151. Virus may or may not be associated with cytoplasmic cisternae and microvesicles, and this may be dependent on virus serotype [20, 22] . It is believed that the extrusion of cisternae from the cell in vitro may be the method by which virus particles are released from the intra-to the extracellular environment [20] . Virus production may take place within the cytoplasm of infected cells in which crystals are seen and not within the crystalline lattice, because the emergence of intercellular virus precedes crystal formation [ 191.
Prelytic fluorescent bleb formation seen in tissue culture [18] was not seen by electron microscopy of infected swine tissues. Whether prelytic release occurs in vivo with these infections thus was not determined directly. The demonstration of phag-ocytic cells containing intensely fluorescent granules (virus aggregates) plus the presence of fluorescent blebs in infected swine tissue indirectly supports such a notion. Direct evidence indicates that in toto phagocytosis of infected cells does occur.
